The hip plays a part in two of the most serious disorders that affect the lives of elderly people: osteoarthritis (OA) and fractures. The lifetime risk of hip fracture is 15% in women and 6% in men,' and more than 1 0% of people aged over 55 years have radiological evidence of OA of the hip.2 The two disorders cause a great deal of suffering and lead to significant health service costs. Unfortunately, the aetiologies of these disorders are unclear and so rational preventive programmes cannot be formulated. A complicating issue is that factors that reduce the risk of one disorder may increase the risk of the other.
In 1972 Foss and Byers studied 140 patients with hip fractures and found that only three had radiological evidence of OA of the hip.3 Several studies have confirmed that OA is uncommon in patients with hip fractures.4 5 It also seems likely that subjects with OA of the hip are at reduced risk of osteoporosis. 6 In the only two studies to examine OA and osteoporosis at the hip (rather than at other skeletal sites), a clear negative association between the two disorders was found.7 8 The simplest explanation for the inverse relation between OA of the hip and hip fracture (and osteoporosis) is the difference in body weight between people with hip fractures (who tend to be underweight)9 and people with OA (who tend to be overweight). 2 Another explanation is that physical activity independently increases the risk of OA2 and reduces the risk of hip fracture.'0 It is also possible that there is a direct causal relation between the pathological processes of OA and osteoporosis.
We included an interview based assessment of the presence of OA in an epidemiological study of risk factors for hip fracture in elderly Australians. Our main aim was to describe the relation between OA of the hip and hip fracture in a representative group of men and women aged 65-100 years. We were particularly interested in the previously unstudied role of body weight and physical activity in explaining any association between hip fracture and OA of the hip. A secondary aim was to explore the more general association between osteoporosis and OA.
Methods
This population based case-control study was conducted in a geographically defined area within the western suburbs of Sydney, Australia, between 6 March 1990 and 5 August 1991. The total population of this area at the 1986 Australian census was 265 000, including 24 000 people aged 65 years or more. Our aim was to compare histories of arthritis in patients with hip fractures (cases) and in a random sample of people without hip fractures (controls). Men and women aged 65 years and over were eligible for the study. SELECTION Other variables relevant to the analyses in this paper were body mass index and physical activity. Calculation of body mass index (weight in kilograms/(height in metres)2) was based on self reported weight and height. Current physical activity was estimated by hours of housework or work in the garden each week and by the frequency each week of going for walks lasting at least 15 minutes. Past physical activity was based on occupational physical activity at the age of 50 years. Subjects were asked to rate the physical activity in their job as low (mostly sitting or driving), moderate (mostly walking slowly or standing), or high (enough to regularly work up a sweat).
STATISTICAL METHODS
Data analysis involved crude, stratified, and multivariate methods to produce odds ratios for associations between hip fracture and exposure variables." Odds ratios from a casecontrol study provide an estimate of the risk of disease (for example, hip fracture) in subjects exposed to some risk factor (for example, OA of the hip) relative to the risk of disease in unexposed subjects. An odds ratio less than 1-0 indicates a reduced risk of disease and an odds ratio greater than 1-0 indicates an increased risk of disease. Age and gender are known to be strong predictors of hip fracture and so all results were adjusted for age and gender. Multiple logistic regression was used to assess arthritis-hip fracture relations while simultaneously controlling for several confounding variables.
Results
Four hundred and sixteen subjects participated in this study: 209 cases and 207 controls. The response rate was 96% for cases and 83% for controls. One hundred and fourteen interviews were by proxy (84 cases and 30 controls). Seventy five per cent of cases were recruited from Westmead Hospital. Table 1 gives the age and gender distributions and types of accommodation of cases and controls.
Based on data from all study subjects (directly interviewed subjects and those interviewed by proxy), there was some suggestion that self reported arthritis (joint(s) affected Arthritis and hip fractures to 10). Among those aged 80-100 years, however, there was no statistically significant association between self reported arthritis and hip fracture (adjusted OR 1-1, 95% CI 0-6 to 2 0). Table 2 gives the associations between arthritis of particular joints (based on self reported pain, swelling, or stiffness in any joints that caused the subject to see a doctor in the past year) and the risk of hip fracture. These data were not available for subjects interviewed by proxy. All ORs were less than 10, with statistically significant (p<005) ORs for arthritic symptoms of the hand (OR 0G4) and hip (OR 053). There was also a statistically significant inverse trend (p=004) between the number of joints with symptoms of arthritis and the risk of hip fracture. The inverse associations between hip fracture and self reported arthritis were present at all ages studied and in men and women. Logistic regression models were used to assess whether confounding by physical activity and body mass index could explain the observed protective effect of self reported arthritis at various joints on hip fracture risk (table 2) . Although the size of effects was reduced, the protective effect of arthritis was still evident. For example, the adjusted OR for arthritis of the hip and hip fracture was 0G4 (9/5% CI 0-2 to 1 -1). The trend for a lower risk of hip fracture with increasing number of joints with symptoms of arthritis also persisted after adjusting for body mass index and physical activity. These findings suggest that the protective effect of self reported arthritis was independent of body weight and physical activity.
The control subjects in this study were a random sample of the population, enabling some assessment of the role of body weight and physical activity in the aetiology of OA in the elderly. As shown in table 3, increased weight was associated with an increased risk of arthritic symptoms at the hip and knee among control subjects in this study, as was a high level of occupational physical activity at age 50 years.
Discussion
This study confirms that there is a strong inverse relation between OA of the hip and hip fracture. Compared with people without symptoms of arthritis of the hip, people with symptoms had one third the risk of hip fracture. We also found some evidence that people with a general propensity to OA (as judged by the number of affected joints) were at reduced risk of osteoporosis (as judged by the presence of hip fracture). These associations were independent of weight and physical activity.
The main weakness of this study was the way in which OA was defined. There was no radiological assessment of joints; instead, we relied on self reports of joint symptoms in the past year (pain, swelling, or stiffness severe enough to see a doctor) for the diagnosis of OA. Several studies have shown that there is an imperfect relation between radiological evidence of OA and joint symptoms. For example, Lawrence et al found that only 61% of subjects aged 55 years or more with definite radiological evidence of OA of the hip (joint narrowing, sclerosis, or cysts) reported hip pain.'2 In this same study, 11% of subjects without radiological OA had hip pain. Croft et al found that only 48% of those with definite radiographic evidence of OA of the hip had hip pain. '3 Obviously, using joint pain and other symptoms to diagnose OA will result in the misclassification of subjects-many subjects with OA will be missed and some subjects without OA will be incorrectly diagnosed as having this disorder (including people with arthritic disorders other than OA). The net effect of misclassification rates that are the same in cases and controls (as seems likely in our study) is to make it more difficult to find real associations.'4 Hence our findings on the relation between OA of the hip and hip fracture probably underestimate the magnitude of the true relation.
Reliance on self reported joint symptoms for the classification of OA could explain our failure to find any relation between OA and hip fractures in subjects aged 80 years and over. It is possible that joint symptoms are a less accurate marker of OA in the very elderly; for example, people in this age group tend to be less active and so may be less likely to experience symptoms. Poor measurement makes it difficult to identify associations. '4 To exclude minor joint problems unlikely to have been due to significant OA, we used a definition of OA that required joint symptoms to be severe enough to seek medical advice. It is, however, conceivable that this could have introduced some bias into our study. For example, subjects who consult doctors about OA may be provided with home aids that reduce the risk of falling and, hence, reduce the risk of hip fractures.
Previous studies of OA of the hip and hip fracture and osteoporosis have been criticised because of the way in which subjects were selected.6 In the present study we collected some information on arthritis from nearly all (94%) patients with hip fractures in a geographically defined population and compared these with similar data from a randpm sample of subjects living in the same population. Thus selection bias is unlikely to explain the results of our study.
The validity of our findings for hip fracture and OA is supported by the results of our analyses of the relation between body mass index and physical activity and arthritic symptoms at the hip and knee (table 3). We found that increased weight and a physically demanding occupation at an age of 50 years increased the risk of symptoms of arthritis at the hip and knee. The fact that these findings, particularly for the knee, are consistent with studies using a radiological diagnosis of OA2 suggests that our results for the relation of OA of the hip with hip fracture are likely to be valid.
Why is there an inverse relation between OA of the hip and the risk of hip fracture? We did not find any evidence that the relation is due to confounding by body weight or physical activity, or both. Hip fractures result from a combination of low bone density'5 and falls.
Osteoarthritis may be associated with an increased risk of falling, '6 17 suggesting that any causal relation between OA and a reduced risk of hip fracture must be mediated via bone density (osteoporosis).
It has been proposed that increased bone density reduces the mechanical ability of subchondral bone to deform under impact loads. '8 This could lead to damaged articular cartilage and OA. An epidemiological study supports this theory.'9 Women initially free of OA of the hands were studied over a 23 year period. Those women with higher metacarpal cortical area (a measure of bone density) at baseline were more likely to develop OA of the hands during follow up. This suggests that osteoporosis protects against OA, and not vice versa.
If high bone density increases the risk of developing OA, then it is possible that an adverse effect of treatment for osteoporosis could be the development of OA. Furthermore, the best way of testing the hypothesis that osteoporosis leads to OA might be to include an assessment of OA as an outcome in randomised trials of treatment for low bone density.
In summary, we found that subjects with symptoms of arthritis of the hip had a markedly reduced risk of hip fracture. This suggests that OA of the hip should be included in the list of factors that protect against hip fracture. The association between hip fracture and OA was independent of body weight and physical activity, supporting the hypothesis that there is a direct causal relation between osteoporosis and OA.
